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THE EFFECT OF CARBURET OR- AZR TEMPERATURE ON TES COOLING 

CHARACTERISTICS OF A TYPICAL AIR-COOLED ENGINE CYLINDER 

By Joseph Neustein, William H. Sens 
and Howard A. Buckner, Jr. 


SUMMARY 

An investigation was conducted to determine the effect of 
carburetor dry-air temperature on the cooling characteristics of a 
typical full-scale air-cooled engine cylinder mounted on a single- 
cylinder crankcase. The variable carburetor-air temperature tests, 
conducted at constant charge-air •’/eight flow and constant cooling- 
air pressure drop, covered carburet or- air temperatures from 100 to 
310° F at fuel-air ratios of 0.03 and 0.10. The IIACA cooling cor- 
relation method was used as the basis for analysis. The effect of 
carburetor-air temperature on the cooling characteristics is shown 
by the variation of mean effective gas temperature with carburetor 
dry-air temperature. 

It was found that for the fuel-air ratios investigated the 
mean effective gas temperature varied about l/2° F for the cylinder 
head and aboi.it 1/4° F for the cylinder barrel with each 1° F varia- 
tion in carburetor dry-air temperature. The results obtained are 
believed to indicate a trend but the exact values are probably not 
applicable to other than the cylinder used for these tests. 

The observed variation in cylinder cooling due to the carbu- 
retor dry-air temperature was applied to the full-scale engine, 
n-rri curves are presented for determining the mean effective gas 
temperature of the cylinder head for given values of fuel-air ratio, 
engine speed, and carburetor inlet-air temperature. Ctu-ves are also 
presented to show the change in head temperature resulting from a 
change in mean effective gas temperature. 
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INTRODUCTION 

The air cooling of a finned cylinder consists in a balance of 
two processes: (1) the transfer of heat from the combustion gases 

to the external cylinder wall and (2) the transfer of heat from the 
finned surfaces to the cooling air. The internal and the external 
cooling processes are analyzed in reference 1 and a method is 
developed for relating the average cylinder temperatures to the 
engine variables and the cooling-air conditions. 

The instantaneous combustion-gas temperature, upon which the 
internal heat-transfer process depends, varies throughout the engine 
cycle and because of the complexity of the variation a mean "effec- 
tive" gas temperature wa3 used instead of the true mean combustion- 
gas temperature to establish the general cooling relation of refer- 
ence 1. The mean effective gas temperature for a given engine lias 
been shown to depend primarily on the fuel-air ratio; to depend 
somewhat less on the carburetor-air temperature, the exhaust mani- 
fold pressure, and the spark: timing: and to be independent of the 
engine speed. Although the absolute value of the mean effective gas 
temperature is difficult to determine with any degree of .accuracy, 
the variations from a given value caused by the fuel-air ratio, 
carburet or- air temperature, exhaust -manifold pressure, and spark- 
timing may bo determined quite accurately and are of groat impor- 
tance in proper interpretation of cooling data. 

The variation of the mean effective gas temperature with fuel- 
air ratio lias been adopted as a portion of the standard cooling test 
and has boon thoroughly investigated for both single- cylinder and 
multicylinder engines. The effect cf spark timing (references 1 
and 2) appears to be small within the operating range of spark set- 
tings. Reference 2 also shows the effect cf exhaust -manifold pres- 
sure to be slight. Available data, although meager, indicate that 
the mean effective gas temperature appreciably increases with an 
increase in carburet or- air temperature (references 1, 2, and 3), but 
the rate of increase appears to vary between cylinders of different 
design. At present the practice is to assume that the mean, effective 
gas temperature for the cylinder head varies 0.8° F for each 1° F 
change in carburetor-air temperature for all cylinders. 

The present investigation was conducted at the Langley Field 
laboratory of the NACA on a typical air-cooled cylinder mounted on 
a single- cylinder crankcase to determine further the effect of 
carburetor-air temperature on mean effective gas temperature. The 
test results are presented in a form convenient for use in 
multi cylinder- engine work. 


NACA AER Wo. E5G10 


3 


APPAPATUS 

Te3t equipment . - A front- row cylinder from a widely used 
conventional air-cooled 18- cylinder radial engine ms mounted on a 
single- cylinder crankcase as shown in figure 1. The cylinder com- 
pression ratio ms 6.7, the spark setting was 20° B.T.C., and the 
valve timing was as follows: 

Valve Opens Closes 

Intake 9° 3.T.C. 32° A.B.C. 

Exhaust 80° 3.B.C. 18° A.T.C. 

An electric dynamometer and a water Brake were used for power 
absorption. 

Cooling air was supplied to the cylinder by a centrifugal blower. 
The cylinder baffles used were not standard but were designed to main- 
tain a constant free- flow area along each of the interfin air pas- 
sages. (See reference 4.) The baffle changes should have a negli- 
gible effect on the test results because a change in external cooling 
should not substantially affect the internal- cooling processes. 

Charge air ms provided at the desired manifold pressure by an 
auxiliary blower; for the tests at varying carburetor- air temperature 
the charge air wa3 maintained within ±2° F of the desired value by an 
automatically controlled electric heater. The carburetor consisted 
of an injection nozzle located in a venturi section and ms connected 
to the cylinder- intake port by a short converging elbow. 

Meas u ring d e vices . - The charge-air weight flow ms measured by 
a thin-plate orifice located in a straight section of pipe upstream 
of the heater. The pressure drop across the orifice ms indicated 
by a water manometer and an iron- constantan thermocouple m3 used 
to measure the air temperature at the orifice. The carburetor-air 
temperature ms obtained by means of an unshielded iron- constantan 
thermocouple located in the center of the carburetor-air duct above 
the carburetor. An automatic weighing stand measured the fuel flow 
and the fuel-air ratio was calculated from the measured fuel and 
charge-air weight flows. Engine speed and torque were obtained with 
standard test equipment. 

The cylinder temperatures were measured by iron- constantan 
thermocouples peened into the outer wall at the positions shown in 
figure 2. The temperature of the rear spark-plug gasket ms measured 
by a gasket-type thermocouple. All iron- constantan thermocouples 
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were used in conjunction with a potentiometer and the cold junctions 
were located in an insulated hex, the temperature of which was mea- 
sured b y an alcohol- in- glass thermometer. 

The cooling-air pressure drop, including the baffle -exit loss, 
was measured as the pressure difference between the atmosphere and 
a static-pressure ring located in the large duct ahead of the cyl- 
inder. The cooling-air temperature was measured by thermocouples 
located upstream and downstream of the cylinder. 


METHODS AMD TESTS 


In order to determine the effect of a particular variable on 
the mean effective gas temperature, it was first necessary to 
establish by tests the cooling relation for the test cylinder. 

Cooling tests, - The procedure followed for establishing the 
relation of the cylinder temperature to the cooling air and the 
engine operating conditions was the same as that outlined in refer- 
ence 5. The cooling-air flow and the charge-air weight flow were 
separately varied for the tests at a constant fuel-air ratio. The 
test conditions were as follows: 


Sngine 

Charge-air 

Fuel-air j 

Carburetor 

Cooling-air 

speed 

weight flow 

ratio 

dry-air 

pressure drop 

(rpm) 

(lb/ min.) 

i 

\ 

temperature 

(°F) 

(in. -water) 

2100 

6.25 

0.08 

80-96 

2.5-27.5 

2100 

4, 0-10,3 

i .08 

89-93 

15 

J — — — 


The cooling relations (fig. 3) derived from the present data 
are for the head and barrel, respectively: 


T- - T 
n a 

T - T, 
g h 


0.535 


= 1.727 


( a a v Ap) 
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0.637 


*T» _ T 

~b x a 

T - T. 
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(°av Ap) 


0.4:0 


= 2 . 669 
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where 

T-^ average cylinder- head temperature, °F 

average cylinder-barrel temperature, °F 

T a cooling-air temperature upstream of cylinder, °F 

Tg mean effective gas temperature, °F 

¥ c charge-air weight flow, pounds per second 

C av ratio of average cooling-air density to MCA standard sea- 
level density, p/p Q 

Ap cooling-air pressure drop across cylinder, inches of water 

Excellent consistency between the test data and equations (1) 
and (2) are shown in figure 3. These equations vary somewhat from 
those determined in previous investigations with similar cylinders. 
(See references 5 and 6.) This variation can be attributed in part 
to the differences in baffle arrangements and instrumentation. 

The effect of fuel-air ratio on the mean effective gas temper- 
ature was determined at the following conditions: 


Engine 

speed i 
(rpm) 

j Charge-air 
I weight flow 
(lb/ min) 

Fuel-air ratio 

Carburetor 

dry-air 

temperature 

(°F) 

Cooling-air 
pressure drop 
(in. water) 

2100 

Varied 

0.062-0.105 

100 

15 

2100 

6.28 

.062- .105 

100 

15 

2100 

8.73 

,063- .087 

100 

15 


The values of T^ for the cylinder head and barrel were cal- 
culated from equations (l) and (2) and the variations with fuel- 
air ratio are shorn in figure 4 for a carburetor dry-air tempera- 
ture of 100° F. 


Carburetor-air- temperature tests . - The effect of carburetor- 
air temperature on mean effective ga3 temperature was determined 
from tests conducted at the following conditions: 
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Engine 

| Charge-air ; 

[Fuel-air 

Carburetor j 

Cooling-air 

speed 

(rpn) 

| weight flow 
j (lb/min) 

j ratio 

i 

d.ry-air 
temperature j 

(°F) 

pressure drop 
(in. water) 

2100 

J 6.4 

| 0.080 

102-309 

; 15 

j 

2100 

6.7 

i .100 

102-311 

! H 


The charge-air weight flow and the cooling-air pressure drop 
were held constant in order that the effects of vanaoles other 
than carburet or- air temperature would he eliminated. The exhaust - 
manifold pressure was constant for all tests. The carburet or- air- 
temperature tests were run at two fuel-air ratios to determine 
whether a change in fuel-air ratio would affect the variation Ox 
mean effective gas temperature with carburetor dry-air temperature. 
The values of T p were calculated from equations (1) and (2). 


RESULTS AND DISCUSSION 

. Effect of carburetor-a- : r temperature on mean effective gas 
tomnerature. - The variation of mean eiieceive gas temperature 
T„ 'with carburetor dry-air temperature T c is shown in figure o 
for the head and the barrel at fuel— air ratios ox 0.03 and O.lvx. 

The values of T, vary linearly with T c and the slopes of the 
curves, 0.56.for°the head and 0.24 for the barrel, are the same for 
both fuel-air ratios. The variation of T-, with Tq is apparently 
independent of the fuel-air ratio in the rich range. For this cyl- 
inder a rise of 1° F in the carburetor dry-air temperature results 
in a rise of 0.55 ° F in the head mean effective gas temperature and 
0.24° F in the barrel mean effective- gas temperature. 

The results of references 1,-2, and 3 indicate that the rela- 
tion between T r and T c varies -for different cylinder designs. 

The relation between T g and T c derived in this report therefore 
applies only to the. cylinder design tested. 

Effect of basing t ho cooling equation on a single critical tem- 
perature . - The foregoing variation of T g for the cylinder head 

with T c was obtained from the cooling equation basod on the aver- 
age head temperature. Cooling correlations for multicylindor engines, 
however, s.re often based on the use of a singlo critical temperature 
measurement on each head, which may bo either more or loss sensitive 
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to a particular variable than the average head temperature. It is 
therefore necessary to determine the conditions under which the 
relation between the mean effective gas temperature and the carbu- 
retor dry-air temperature is independent of the single critical 
temperature used as the basis of the correlation equation and. to 
show further that these requirements are satisfied by any of the 
external cylinder-head temperatures for the conditions of the pres- 
ent tests. 


These conditions can be determined in the following manner: 
For any external head temperature ± x the linear relation 

(T - Tj = a + b (T h - Tj 


is generally true. The foregoing equation can he rewritten as 

./Tv - T_\ 


1 - 


a 


7t - hp ) 

x *~a' 

where a and b are constants 


= b ■■ — 

V T v - T„ I 


( 3 ) 


\ ~x 


a / 


By use of equations (1) and (3) it may be shown that the ratio 
B of the changes in mean effective gas temperature with carburetor- 
air temperature based on the individual external head temperature 
and on the average head temperature is given by 


t = B = b 

>rn I 
cl g/ c -C 


.4 - v\ Kx 


- T 


a 


■ x 


- T c / ! T 


1 \ 


u a 


(4) 


/ 


where T„ is the mean effective gas temperature based on T x in °F. 

n 

L a 


■Sx 


Because the ratio 


"e* ' 


T_ - T 


will always be very nearly equal to 


a 


unity equation (4) can be closely approximated by 


E = b / 


/T h - T : 


( 5 ) 


\ T - T 
\ x a J 

\. / 


From equations (3) and (5) it follows that , when the intercept a 
equals zero, the ratio E equals unity. Under this condition the 
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relation between the mean effective gas temperature and the carbu- 
retor dry-air temperature determined by using the average head 
temperature will apply to a correlation based on a single critical 
temperature . 


For all the operating variables covered by the present tests , 
the temperature of the rear spark-plug gasket satisfied equation (3) 
and the intercept a was zero. (See fig. 6.) It is possible, 
however, that the intercept a may not be zero for variaoles other 
than those investigated in these tests. In order to substantiate 
the foregoing analysis, the cooling- correlation equation based on 
the temperature of the rear spark-plug gasket was established, and 
the variation of mean effective gas temperature with carouretor 
dry-air temperature was investigated. The results (f ig# 7) exh 1 d it ^ 
the same relation that was previously obtained using tne average 
head temperature; thus the analysis is shown to oe valid. 

A number of external cylinder-head temperatures were investi- 
gated and were found to satisfy equation (3). The values oi the 
intercepts were such that the max mum variation of tiie slope of the 
curves of against carburet or- air temperature from the value 

given by figure 5 was =*0.C5. It may be concluded therefore that 
with sufficient accuracy the relation between T g and T Q is 
independent of the external cylinder-head temperature used as the 
basis for the correlation equation. 


APPLICATION OF RESULTS 


The results of the present tests are of practical interest 
only in their application to multicylindor engines. Because the 
true dry inlet-manifold temperature is difficult to measure in a 
multicylinder engine and is indefinite because of the evaporation 
of an unknown amount of fuel, the effective dry manil old tempera- 
ture t Yn was adopted as the criterion of the cylinder inlet-air 
temperature. (See reference 5.) The effective dry manifold tem- 
perature, which corresponds to the carburetor dry-air temperature 
measured in the single- cylinder tests, is defined as the sum oi 
the carburetor inlot-air temperature and the temperature rise 
through the engine supercharger, neglecting the effect of fuel 
vaporization. The effective dry manifold temperature (^mor- 
enco 5) may be expressed as 


u m 


= t, 


_kL 

gc p J 


( 6 ) 
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where 

t n effective dry manifold temperature, °F 
t carburetor inlet-air temperature, °F 
U impeller tip speed, feet per second 

g acceleration of gravity, feet per second per second (32.2) 

c„ specific beat of air at constant pressure, Btu per pound 
4 per °F (0.24) 

J mechanical equivalent of heat, foot-pounds per Btu (778) 

The term is a close approximation to the theoretically 

S c pJ 

correct expression for the dry-air temperature rise through the 
engine supercharger (reference 7) and is generally considered 
sufficiently accurate for cooling- correlation work. 

By use of the results of the present tests, the change in mean 
effective gas temperature of the cylinder head due to a change in 
t m from 0° F can be expressed as 


AT_ = C.5G 
So 


“m 


(7) 


and for the barrel 


AT So = 0.24 t m (8) 

where AT C .^ is the increment in mean effective gas temperature 

resulting from a change in the effective dry manifold temperature 
from 0° F to t m . When equations (6) and (7) are combined and the 
impeller tip speed is expressed in terms of the engine speed, the 
impeller radius, and the impeller-gear ratio, the following rela- 
tion for the increment in the head mean effective gas temperature 
is obtained: 



0.5S 



+ 


0.01266 


/ GrN \ 2 ] 

\1000/ I 


O) 
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and for the barrel 

iT 3c * °- 24 !*« + °- 01Z6S (mtif 

where 

G impeller- gear ratio 
r .Impeller radius , inches 


( 10 ) 


N engine speedy rpm 

In order to facilitate the use of equations (9) and (10) the 
curves of figure 4 were corrected to a carburetor dry-air tempera- 
ture of 0° F hy means of the head and barrel corrections found in 
the present test 3 , These corrected curves are presented in fig- 
ure 8. A graphical solution for Al' g developed from equation (9) 

for the cylinder head is given in figure 9. If the impeller radius 
and the impeller- gear ""at io are known, the value of ATg o can "be 

found for any operating combination of engine speed and carburetor 
inlet-air temperature. 

The use of the curves is illustrated by the following example, 

in which AT- was determined when Gr = 41, S inches (value at low 
So 0 

blower for the full-scale engine), N = 2000 rpm, and t Q = 100 F. 

The intersection of Gr and N is located at A. The intersection 
of the line parallel to reference line GH with t c is at B. The 

horizontal line at B locates Cj AT-, is read as .105 J F« The 

(30 

value of AT „ obtained from figure 9 is added to the value of 

So 

I,, obtained free figure 8 to give the value of T_. 

Cj>0 €3 


The change in head temperature resulting from a change in the 
head moan effective gas temperature can bo evaluated from the gen- 
eral cooling- correlation equation ac 
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The solutions of the foz-egoing equation are shown graphically in 
figure 10 for various values of T x - T a /Tg - T x . Figure 10 is • 
applica'Dle to any temperature that may he used to represent the head 
temperature . 

SUMMARY OF RESULTS 

The results of tests to determine the effect of carburetor 
dry-air temperature on the cooling characteristics of a typical air- 
cooled engine cylinder indicate that the variation of mean effective 
gas temperature with carburetor dry-air temperature is independent 
of fuel-air ratio over the range investigated. The mean effective 
gas hemperat'ore varied about l/2° F for the cylinder head and about 
1/4° F for the cylinder barrel with each 1° F variation in carburetor 
dry-air temperature. 


Aircraft Engine Research Laboratory, 

Rational Advisory Committee for Aeronautics, 
Cleveland , Ohio . 
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Figure I. - Setup of single-cylinder test unit. 
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Fig. 3 
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(b) Cylinder barrel. 

Figure 3. - Cooling correlation for test cylinder. 
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Figure 4. - Variation of mean effective gas temperature 
with fuel-air ratio at a carburetor dry-air temperature 
of 100° F. 
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Carburetor dry-air temperature, T^, F 

Fiaure 5. - Variation of mean effective gas temperature with 
carburetor dry-air temperature; cooling equations based on 
average head and average barrel temperatures. 
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and inlet cooling-air temperature, ( T. - T a ), °F 


NACA ARR No. E 5 G I 0 


Fig. 6 



Difference between average head temperature and inlet 
cooling-air temperature, ( T ^ - T a ), F 
Figure 6. - Variation of rear sp ar k- p l ug- gas ke t temperature 
with average head temperature. 
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Fig. 7 



Carburetor dry-air temperature, T c , °F 

figure 7. - Variation of head mean effective gas temperature with 
carburetor dry-air temperature; cooling equation based on rear 
spark-plug-gasket temperature. 
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Fig. 8 
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Figure 8. * Variation of mean effective gas temperature at 
carburetor dry-air temperature of 0° F with fuei-air ratio. 
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Fig. 9 
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Fig. 10 
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Figure 10. - Increment in head temperature resulting from an increment 
in head mean effective gas temperature. 


